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Abstract.  A c t i v i t y  and s o c i a l  behavior o f  f ree-ranging meadow voles 
(M ic ro tus  pennsylvanicus) were examined i n  summer, f a l l  and w i n t e r  using 
capture-recapture and radiotelemetry. The composition o f  our  study 
populat ion changed from predominantly reproduc t i ve ly -ac t i ve  (RA) voles 
i n  summer and f a l l  t o  e n t i r e l y  nonreproductively-active (NR) voles i n  
w in te r .  RA males had l a r g e r  a c t i v i t y  areas than RA females. A c t i v i t y  
areas o f  RA females d i d  n o t  over lap w i t h  those o f  o ther  RA females, b u t  
a c t i v i t y  areas o f  RA males overlapped extens ive ly  w i t h  those o f  both RA 
males and RA females. However, any contact  among RA voles was rare,  
unless females were estrous. NR voles showed greater  over lap o f  a c t i v -  
i t y  areas and lower  l e v e l s  o f  a c t i v i t y  than d i d  RA voles. Space use 
and a c t i v i t y  were s i m i l a r  f o r  NR males and females and t h e i r  a c t i v i t y  
underwent l i t t l e  seasonal change. I n  winter ,  voles shared nests. There 
were few d i f fe rences  i n  a c t i v i t y  between day and n i g h t  o r  between 
crepuscular  per iods and t h e  r e s t  o f  t h e  day. There was some synchrony 
o f  a c t i v i t y  pa t te rns  among voles, espec ia l l y  w i t h i n  groups shar ingnests  
i n  w in te r .  A c t i v i t y  pa t te rns  o f  RA males and RA females were o u t  o f  
phase w i t h  each other .  The general s h i f t  from p r i m a r i l y  s o l i t a r y  be- 
hav io r  i n  summer t o  increased soc ia l  to lerance and nest  shar ing i n  
w i n t e r  i s  a t  l e a s t  p a r t i a l l y  explained by t h e  corresponding seasonal 
change i n  sexual s ta tus  o f  t h e  populat ion. 
In t roduc t ion  
A1 though m i c r o t i n e  rodents have been studied extensive1 y  i n  the  
pas t  few decades, i t  i s  o n l y  recen t l y  t h a t  we have begun t o  examine 
t h e i r  soc ia l  behavior. This  i n t e r e s t  has developed w i t h  the suggestion 
by C h i t t y  (1967) and many others t h a t  soc ia l  behavior may p lay  a 
s i g n i f i c a n t  r o l e  i n  f l u c t u a t i o n s  i n  populat ion numbers. I n  add i t i on ,  
innovat ion i n  rad io te lemet r i c  technology has made f i e l d  s tud ies o f  the  
behavior o f  these c r y p t i c  mammals more f r u i t f u l  than i t  was i n  the past  
(e.g. Brooks and Banks 1971, Madison 1980). 
I t i s  w e l l  known t h a t  microt ines undergo pronounced morphological, 
phys io log ica l  and demographic changes concomitant w i t h  seasonal change 
(e.g. Sealander 1972; Whitney 1976; Mal lory  e t  a1. 1981). However, 
there i s  a  l a c k  o f  i n fo rmat ion  on how vo le  a c t i v i t y  and soc ia l  behavior 
i s  mod i f ied  when t h e  animals a re  conf ined under w i n t e r  snow cover. 
Here, we descr ibe how soc ia l  behavior and a c t i v i t y  pat terns changed 
from summer t o  w i n t e r  i n  a populat ion o f  the meadow v o l e  (Microtus 
pennsylvanicus).  I n  p a r t i c u l a r ,  we r e l a t e  these changes t-s i n  
reproduct ive s ta tus  o f  members o f  t h e  populat ion and t o  the presence 
o r  absence o f  snow cover. 
Methods 
The study was conducted i n  o l d  f i e l d  h a b i t a t  near Cambridge, 
Ontar io  (42"25'N, 80°20'W). De ta i led  descr ip t ions  o f  the study area 
and s t a t i s t i c a l  methods may be found i n  Webster and Brooks (1980, 1981, 
i n  press).  The main po in ts  are sketched b r i e f l y  here. Trapping was 
conducted one o r  two days per  week from June 1977 t o  A p r i l  1978. 
Sherman l i v e  t raps  were placed one per  s t a t i o n  a t  5-m i n t e r v a l s  on a 
0.2-ha g r id .  Captured voles were c l a s s i f i e d  as reproduct ive ly-act ive 
(RA) o r  nonreproductively-active (NR) and were ear-tagged w i t h  numbered 
metal tags, then released. A l l  radiotagged voles weighed more than 259. 
Movements o f  radiotagged voles were monitored every 20 min f o r  one 24-h 
p e r i o d  each week from August 1977 t o  A p r i l  1978. 
2 For analys is ,  t h e  t r a p  g r i d  was d iv ided  i n t o  a 1-m g r i d  and the 
1-m occupied by a radiotagged vo le was recorded each t ime the  animal 
was loca ted  ( f i x ) .  A v o l e ' s  a c t i v i t y  area was def ined a the  space i t  3 occupied i n  a 24-h period, and t h e  area inc luded a l l  1-m occupied by 
t h e  vo le  o r  in te rsec ted  by a s t r a i g h t  l i n e  connecting successive f i xes .  
The data were d iv ided  i n t o  a summer (no-snow) per iod (August-December 
1977) and a w i n t e r  (snow) per iod  (January-Apri l  1978). To assess how 
neighboring voles shared space, we measured s ize  o f  overlap area of 
neighbors, t ime spent i n  over lap area, t ime shared i n  overlap area and 
t ime spent i n  contact .  Observed values were compared w i t h  expected 
values (Webster and Brooks i n  press).  
To determine a c t i v i t y ,  we measured t h e  number o f  20-min i n t e r v a l s  
i n  which a vo le changed l o c a t i o n  (frequency o f  movement), d is tance 
moved, and average step leng th  ( i  .e. d is tance moved/frequency o f  move- 
ment). I n  add i t i on ,  we measured t h e  t ime voles spent a t  o r  away from 
t h e i r  nest  ( w i n t e r  only);  t im ing  o f  t h e  onset o f  a c t i v i t y  r e l a t i v e  t o  
day, n i g h t  and crepuscular periods and r e l a t i v e  t o  a c t i v i t y  o f  o ther  
voles. 
Results 
I n  summer most voles were reproduc t i ve ly  act ive,  whereas, i n w i n b e r  
most were not.  RA males had l a r g e r  a c t i v i t y  areas than a l l  o ther  
groups. None o f  these o ther  groups d i f f e r e d  s i g n i f i c a n t l y  from each 
o t h e r  (Table 1).  When sexes were combined, RA voles had l a r g e r  
a c t i v i t y  areas than NR voles. Size o f  a c t i v i t y  areas o f  NR voles d i d  
n o t  d i f f e r  between summer and winter .  
Table 1. Size of a c t i v i t y  area occupied by radiotagged voles dur ing a 
24-h period. Number of observat ions i n  parentheses. 
Season Reproductive Size o f  a c t i v i t y  area 
cond i t i on  2 (m + SD) 
Ma1 e Female 
Winter  N R 
* 
S i g n i f i c a n t l y  l a r g e r  than a l l  o ther  roups (e < 0.05). 
** S i g n i f i c a n t l y  l a r g e r  (sexes combined! than e l t h e r  NR group (g < 0.05). 
A c t i v i t y  areas o f  RA females had almost no over lap w i t h  those o f  
ne ighbor ing RA females, b u t  a l l  o ther  neighboring p a i r s  had much l a r g e r  
areas o f  over lap  (Table 2).  Sizes o f  t h e  areas o f  over lap i n  these 
o t h e r  groups were q u i t e  s imi  1 ar.  However, a comparison between Tables 
1 and 2 shows these over lap areas represent very d i f f e r e n t  propor t ions 
o f  t h e  t o t a l  a c t i v i t y  areas o f  t h e  d i f f e r e n t  groups o f  voles. For 
example, f o r  NR voles t h e  area o f  over lap represented over 50% o f  t h e i r  
t o t a l  a c t i v i t y  area, whereas t h i s  p ropor t ion  was much l e s s  fo r  RA voles. 
Overlap areas between RA females represented on ly  2% o f  t h e i r  t o t a l  
areas. 
Table 2. Size of t h e  area o f  over lap between p a i r s  o f  neighboring 
voles. Number o f  neighbor p a i r s  i n  parentheses. 
Season 2 Area o f  overlap (m + SO) 
RA 19- a RA 9 RA 9-RA 9 R A ~ R A ~ P  
Summer 13.9 + 11.6 1.2 + 1.9 13.0 2 14.0 
(12) (4) (5) 
~ - - - - - - - 
Winter 14.7 + 6.5 14.2 + 5.4 I n s u f f .  Data 
(6) (4)  
- - - - --  - 
l a  Refers t o  the  over lap between t h e  types o f  voles ind icated.  
The p ropor t ion  o f  t ime t h a t  RA voles spent i n  over lap areas d i d  no t  
d i f f e r  s i g n i f i c a n t l y  ( 2  > 0.05) from expected, where the  expected values 
were based on the  r a t i o  o f  over lap area t o  t o t a l  a c t i v i t y  area. However, 
NR voles spent over  80% o f  t h e i r  t ime i n  overlap areas and t h i s  was 
s i g n i f i c a n t l y  (p < 0.02) greater  than the  expected value. The amount 
o f  t ime p a i r s  o f  neighboring voles simultaneously used the  over lap area 
d i d  n o t  d i f f e r  from expected ( p  > 0.05), b u t  i n  w in te r  neighbors shared 
over lap areas 10 times as much as i n  sumner. 
During summer, RA voles were i n  contact  w i t h  another vo le l e s s  than 
1% o f  times they were loca ted  and there  was no s i g n i f i c a n t  d i f fe rence  
between observed and expected values. I n  winter ,  however, voles were i n  
contact  about 40% o f  the  t ime and these observed values were s i g n i f -  
i c a n t l y  g rea te r  than expected ( p  < 0.01). This  h igh  amount o f  contact  
occurred because voles shared nests i n  winter .  
We used the  number o f  double captures as an independent measure o f  
t h e  amount of contact  among voles, because the  two animals must be 
c lose  together  t o  be captured together  i n  a Sherman trap. A s i g n i f -  
i c a n t l y  greater  p ropor t ion  o f  t h e  populat ion ( ~ 2  = 45.16; p < 0.001) 
was invo lved  i n  double captures i n  w i n t e r  than i n  sumner. Almost a l l  
animals invo lved  i n  double captures were NR voles. 
Comparisons o f  l e v e l  o f  a c t i v i t y  between day and n i g h t  showed t h a t  
most groups moved more dur ing the  day, b u t  usua l l y  these d i f ferences 
were n o t  s i g n i f i c a n t .  Voles showed no s i g n i f i c a n t  d i f fe rence  between 
day and n i g h t  i n  d is tance moved nor i n  average step length. There were 
a lso  no s i g n i f i c a n t  d i f fe rences  between crepuscular a c t i v i t y  and a c t i -  
v i t y  dur ing  t h e  r e s t  o f  the  day i n  frequency o f  movement, distance 
moved, o r  average step length.  S i m i l a r l y ,  n e i t h e r  sex showed any 
s i g n i f i c a n t  d i f fe rence  between n i g h t  and day f o r  any o f  these measures 
o f  a c t i v i t y .  
Synchrony o f  a c t i v i t y  among voles occurred both i n  summer and 
w in te r ,  b u t  was b e t t e r  def ined i n  winter .  This synchrony was most 
obvious when the  percent o f  voles away from t h e  nest  i s  compared for  
d i f f e r e n t  t imes o f  day. I n d i v i d u a l s  sharing a p a r t i c u l a r  nest  
synchronized i t s  use so t h a t  a l l  tended t o  be i n  o r  ou t  o f  the  nest  
together. RA females appeared t o  t ime t h e i r  a c t i v i t y  ou t  o f  phase w i t h  
t h a t  o f  RA males. NR voles i n  summer were intermediate t o  RA males 
and females and s i m i l a r  t o  NR voles i n  winter.  
Voles showed a s t rong tendency t o  leave the  nest  and become a c t i v e  
i n  the 80 min p r i o r  t o  the  onset o f  d a y l i g h t  ( ~ 2  = 5.4: p < 0.025) and 
then t o  become i n a c t i v e  again w i t h i n  80 min a f t e r  day l igh t  commenced 
( ~ 2  = 8.4, p < 0.005). They genera l ly  ceased a c t i v i t y  i n  the  100 min 
centered around t h e  onset o f  darkness ( ~ 2  = 6.09, p < 0.05), b u t  showed 
no apparent tendency t o  t ime t h e  s t a r t  o f  a c t i v i t y  bouts us ing the on- 
s e t  o f  darkness as a cue. 
When data f o r  both sexes w i t h i n  seasonal groups were pooled, RA 
voles had a h igher  frequency o f  movement, moved a greater  d is tance and 
had a g rea te r  average step leng th  than NR voles. Winter and sumner 
NR voles d i d  not  d i f f e r  from each o ther  i n  any o f  these measures. 
During w in te r ,  t h e  two sexes d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  
lengths o f  t h e i r  s h o r t  a c t i v i t y  periods (Table 3) .  Almost equal t ime 
was spent a t  and away from t h e  nest. The sexes d i d  n o t  d i f f e r  i n  t h e  
amount o f  t ime they spent a c t i v e  dur ing a 24-h per iod nor  d i d  t h e i r  
i n d i c e s  o f  e x p l o r a t i o n  d i f f e r  s i g n i f i c a n t l y  (Table 3).  
Table 3. Measures o f  a c t i v i t y  taken dur ing 24-h observat ion periods 
i n  w i n t e r  . Number o f  observat ions i n  parentheses. 
Average l e n g t h  o f  s h o r t  3.5 + 0.6 3.0 + 0.5 
a c t i v i t y  p e r i o d  ( h  + SD) (7) (13) 
Average l e n g t h  o f  component 1.8 + 0.5 1.5 + 0.4 
o f  shor t  a c t i v i t y  per iod  
away from nes t  (h + SD) (7) (13) 
Average l e n g t h  o f  component 1.8 + 0.5 1.5 + 0.3 
o f  shor t  a c t i v i t y  per iod  
a t  nest  ( h  + SD) (7) (13) 
Time spent a c t i v e  (away 
f rom nes t )  
(percent  o f  day + SO) 
Index o f  e x p l o r a t i o n  5.0 + 2.8 7.1 ? 2.4 
(m/h + SD) (7 )  (13) 
Discussion 
These r e s u l t s  i n d i c a t e  t h a t  RA male M. enns lvanicus r a r e l y  con- 
t a c t  o ther  vo les and a re  n e i t h e r  a t t r a c t e a  t o  -nor repe e by areas 
used by o t h e r  i n d i v i d u a l s  except when females are i n  estrus. RA males 
were observed to congregate around estrous females. Aggression among 
RA males seemed o n l y  t o  occur when estrous females were present, and 
there  was no evidence t h a t  males defended t e r r i t o r i e s .  S i m i l a r  
observat ions have been made by Madison (1980). C h r i s t i a n  (1971) found 
t h a t  wounding o f  RA males increased w i t h  density.  This makes sense 
because whereas RA males a re  always ready t o  mate, a t  any g iven t ime 
t h e r e  are probably  few recep t i ve  females. A t  h igh dens i t i es ,  there are 
mare males competing f o r  females and there fo re  more aggression and 
wounding occurs. 
I n  c c n t r a s t  t o  RA males, RA females occupied mutual ly  exc lus ive 
a c t i v i t y  areas. However, we observed no t e r r i t o r i a l  defense nor  any 
contact  among these females. Our data ind ica ted  t h a t  a  female's use 
of over lap  areas was random w i t h  respect t o  presence o r  absence o f  
ne ighbor ing females, b u t  t h i s  may have occurred simply because the 
over lap area was so small t h a t  they had l i t t l e  chance o f  encountering 
each other. Females used over lap areas randomly w i t h  respect t o  
presence o r  absence o f  RA males and again contact  was in f requen t  unless 
t h e  female was i n  estrus. 
I t  i s  uncer ta in  why RA females occupy mutual ly  exc lus ive a c t i v i t y  
areas. They may requ i re  so le  access t o  a p a r t i c u l a r  resource, such as 
cover, food o r  nes t  s i t e s .  However, t h i s  seems u n l i k e l y  because the 
t h i c k  vegetat ion i n  t h e  study area ind ica tes  t h a t  these resources were 
abundant, and because the  females' a c t i v i t y  areas were overlapped 
ex tens ive ly  by males t h a t  would compete f o r  the same resources. A l t e r -  
n a t i v e l y ,  space i t s e l f  may be t h e  requi red resource. I n  some~ ic ro t ines ,  
RA females may k i l l  young o f  o t h e r  females (Mal lory  and Brooks 1980). 
Therefore, RA females may mainta in  exc lus ive space t o  reduce the r i s k  
t o  t h e i r  young from such attacks. 
I n  t h e  present study, NR voles had a h igh degree o f  soc ia l  t o l e r -  
ance. This r e s u l t  i s  cons is ten t  w i t h  repor ts  t h a t  NR voles show l e s s  
wounding than do RA voles ( C h r i s t i a n  1971, Rose 1979). I n  the  sub- 
nivean environment, NR voles were h i g h l y  soc ia l .  They shared nests, 
had l a r g e  over lap areasand spent a  g rea t  p ropor t ion  o f  t h e i r  t ime i n  
the over lap area and i n  contact  w i t h  neighbors. There i s  no evidence 
t h a t  voles shar ing a nest  der ived from an extended maternal fami l y ,  
and interchange o f  i n d i v i d u a l s  between nests was observed. Comnunal 
nes t ing  i n  w i n t e r  occurs i n  several species o f  voles, b u t  the  present 
study provides t h e  f i r s t  evidence f o r  w i n t e r  communal nest ing i n  M. 
pennsyl vani cus. 
Voles huddl ing together  have lower oxygen consumption per gram 
body weight and have lower  food consumption than voles t h a t  are n o t  
huddl ing (Gebczyfiska and GebczyRski 1971 ). Shared nest use, therefore, 
may conserve energy by p rov id ing  voles w i t h  a more favorable thermal 
environment than they could mainta in  alone. This e f f e c t  would be 
enhanced by the  synchrony o f  nest  use we observed i n  w in te r  voles. 
S t r u c t u r i n g  o f  t h e  soc ia l  system i n  w i n t e r  t o  opt imize energy 
conservat ion i s  probably p a r t i c u l a r l y  important i n  vo le species such as 
M. pennsylvanicus, which tend t o  nest  on the  ground surface. Thewinter  
- 
nests had poor i n s u l a t i v e  proper t ies,  and lack o f  a  we l l - i nsu la ted  
w i n t e r  re fuge would increase the  value o f  soc ia l  behavior t h a t  enhanced 
energy conservation. 
I n  our  study, the voles were a c t i v e  a t  a l l  times o f  day i n  both 
sumner and w i n t e r  and d i d  n o t  appear t o  se lec t  any p o r t i o n  o f  the  day 
f o r  a c t i v i t y .  F i e l d  s tud ies i n  the l i t e r a t u r e  are contradictory, some 
suggesting t h a t  meadow voles are most a c t i v e  i n  the  day; o thers sug- 
gest ing they are most a c t i v e  a t  n igh t .  I t i s  l i k e l y  voles a l t e r  t h e i r  
a c t i v i t y  p a t t e r n  according t o  t h e i r  surroundings. When there i s  heavy 
vegetat ive o r  snow cover they are equa l l y  a c t i v e  a t  a l l  t imes of day. 
Nonreproductive voles had a simi 1  a r  p a t t e r n  o f  a c t i v i t y  i n  sumner 
and winter ,  and there were no apparent d i f ferences between the  sexes. 
However, pa t te rns  o f  a c t i v i t y  o f  RA males and RA females appeared t o  
be o u t  o f  phase. This  may a l low females t o  be a t  t h e i r  nests t o  defend 
t h e i r  young when males a re  most a c t i v e  (Mal lory  and Brooks 1978). 
Sumnary: This  study ind ica tes  t h a t  soc ia l  s t r u c t u r e  and a c t i v i t y  
pa t te rns  o f  i n d i v i d u a l  meadow voles are l a b i l e  and are a l t e r e d  by 
changes i n  reproduc t i ve  status. These changes are in f luenced by 
seasonal, and o ther  environmental changes. Presumably, such behavior- 
a l  v a r i a t i o n s  are adaptive responses o f  i n d i v i d u a l s  t o  ambient con- 
d i t i o n s  and do n o t  u s u a l l y  occur as a r e s u l t  o f  se lec t ion  f o r  d i f f e r e n t  
genotypes as suggested by many authors recent ly .  Hence, the 
c h a r a c t e r i s t i c  features o f  the  vo le populat ion change w i t h  regu la r  
environmental s h i f t s  because o f  the  f l e x i b i l i t y  o f  the i n d i v i d u a l  
members o f  t h e  populat ion.  I n  sumner, i f  RA voles predominate, t h e i r  
behavior pa t te rns  predominate. At h igh densi t ies,  however, mating 
compet i t ion ( f o r  example) may i n h i b i t  sexual maturat ion of young males 
and s o c i a l  behavior o f  NR voles may become common i n  the  populat ion. 
Spacing behavior i n  RA females may i n h i b i t  sexual maturat ion i n  females. 
Hopeful ly,  f u r t h e r  i n v e s t i g a t i o n  o f  soc ia l  systems w i l l  he lp us der i ve  
b e t t e r  hypotheses regard ing the  i n t e r a c t i o n  between behavior and pop- 
u l a t i o n  dynamics, This  in format ion w i l l  be usefu l  as we l l  t o  those 
who wish t o  apply var ious con t ro l  regimes t o  vo le populat ions. 
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